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Abstract of KR 20040104232 (A) 

PURPOSE: A vertical gallium nitride-based led and 
fabricating method thereof are provided to improve 
the luminance and the reliability by removing a 
sapphire substrate and attaching a conductive 
substrate such as a silicon substrate. 
CONSTITUTION: A light emitting structure^ 25) is 
formed by stacking sequentially the first conductive 
type GaN clad layer(125a), an active layer(125b), 
and the second conductive type GaN clad layer 
(125c) on a sapphire substrate. The light emitting 
structure is separated from the sapphire substrate 
except for the first conductive type GaN clad layer of 
1 00 angstrom. A conductive substrate(1 31 ) is 
attached on an upper surface of the light emitting 
structure by using a conductive adhesion layer. The 
sapphire substrate is separated from the light 
emitting structure by using leaser beams. The first 
contact and the second contact are formed on the 
sapphire-substrate-removed side of the first 
conductive type clad layer and the exposed side of 
the conductive substrate. The conductive substrate 
is cut according to the separated light emitting 
structure. 
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" ttt ^I ^+^~| 

^5|=?s W3-i^o|£=.. GaN tf3-c|-o|£ = , AWoloH7ie, ei|o|x-|gggS 



£1£ GaN tf^c+o|as.» 7H^^o^. HEH4|fc *Be*EO|C|-. 

£2fe e tfHofl ixl-Eh x-llsfi ^ GaN SIWo|£j=» L^mfe 7Hq= ^BH£0|ch 

£3a-3ffe e Btasl GaN im^o|oc x^g-gs tiS«F7| flft zf Blltt S3BfflE0|c|-. 

<-£tf£| ^£¥£<H| cHft ^i-yg> 

21: 7|ft 22: ftA|g 

24: ES^ SStS 25a: GaN 3SH£=S 

25b: 25c: GaN MEH^S 

25: GaN BBS itS^S 27,29: pS W ^ 



SJ-SP-I & All ft M 



e wee- GaN im cFoifi= a! ^ ^i^^acHi zm mm ^rs ass-s* §>b se-ssaej 

H|-0|0H7|ftS A|[7H«|-j1 AJ5i&7|B3h 7|ft£ S-Stfto^ Si £J£l^ tffe h A|^J GaN C|-0| 

qj a x||sS-B<H| ftft 5jo|cK 

i't^o^, C|-0|fiJE,(light emission diode: LED)b EWfih *°| AUaftcHj 7|sh|-o^ H^Sfe BE*i|4:^S.AH 
, ^H7;|-7|7|0H|Ai O^BH ^eH°I ys| AhgE[Jl ?jch #7| Sff S GaNfe ^ g|£W|2i= 

#7| gm C*0|£ = 0flAH. ^£|fc #°| 2=^ ( ^o n^H)- AhgJEfe ft£*| *H^o| yjjz: ig tf^oicK B!= y 

(H|A-jfe ye- oflMA|£h cH nl-s-si %x[m ItHMz., ^H ®£ e|&o| 3W« ^^B^^i ^isHAHfe d| ye HiJ= 
7^lfc AH£7h a=p@c|-. 

<HIS SOH, £||0|A-|<H| AfgEfe AIGalnPSSS, 7\M ^MS| 5*U|¥(er 600- 700nm)<H| SHSftcK ft^Ofl, 
A«l§oj g«4 5Efe nSL\id nl-SS ^«|-7| flSHA-fc HlJE^I S His as 71-xfc ftSE.*l| AHS.OJ 41 Bl 

5 5^0|c(siQ£h ill^ SSI-S^I ft£*l|, SSh a*(GaN)0| ?JcK B"Hf?f LEDfe *H KM 5L|0fe, ^7|^S"x|( 
optical storage)^ ^8^1 57^A|^j ^ flchfe &S(*j*t|?W| H\M ^ 4B\\ #H ?Kl 

^ift mtmn &tmm s GaNfe ci-e as^s^si nmym^, vs. 
s s-ati- ^ 4JS7^ft 71^01 8M. at si- ah, GaNSs^i ^s-* 7iB§ ai-sskhoi: ft eh. oi£h a-e G 

aNSSS ^ft ^&7|B°Sfe- A^O|Oi ^ Sf^OltS ^A^|=(AI 2 O 3 )7|ft0| 0\K^0\C^. 

SI- X | ft, A|-E|-0|0-|7|£!-e S^-a 7|ftS A|-SftO^AM, GaN7^| tf* C|-O|a=o| JJoUH 5 Ai|°|=« ft^CK £1 
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o\\ SEH°I GaN^I BtS chO|o££| gg| ^*]|*ho^. H^7\S. t}&t. 

SIS SEH°I GaN tt-SCfO|£ = 3| ^g-aSOlCj. GaN tf* C|-O|fi = (10)fe Ahn|-0|oH gg- 7|CKH)j* ^ WO|<H 
7|^(11) #0]\ GaN gm?SM(15)a iH-thCf. 

#7| GaN gi-S-=P-SS(15)S #7| Af-Hf-OIOH 7|B &<H|(11) $*^PlS nS GaN S-EH^-S(15a)4- Cr^Sf*!-?- 

S(Multi- Quantum Weli^SS-l fi-^S(15b)2l- pS GaN S3|ce(15c)S. =?£@c|-. #7| im^SCIS)^ MOCV 
D g°J SSS 0|S*|-CH 4= 0| [Of, GaN SE«^S(15a)S £!&S r 7| £jcH| A|-n|-0|<H7 |&(11)3|-o| ^ 

xfSSfS §"#A|?|7| flflfl, AIN/GaN^-S 0|*cH3 y-j^S(D|iA|)S S^ih ftCr. 

SEfh, SjQKHI Sfl&Srfe GaN SEHE.§(1 5c)oIf frSB(15b)« ?dM <H|&*KH GaN 3EHE.§(15a) <U 

¥ ifrA|7pI, n GaN SSHE-§(15a) ^Hf- SBHE.§(15c) ^fflCHj Z^Zf i^Sf ^d^s £J 

7|-s|-7| fle flaf(i9)o^ pS 3^1(17)* S^e^r. fcie*l£3. SlW^'yej^* §7 r A]7|SAH£ *|eoi| sf£3£ 
&7| ^ISHAH, S£HJ=«(13) #S<H|fe pS fia|(17)* «43^7| aofl ^^(transparent electrode: 16) 

S O O 2 < —1— AA — I . 

0|£r a-0|, SEHSJ GaN BfSChO|££(10)fe- a^SSSJ A r H r 0|0H 7|S(11)S M%tl7\ DflSCHI, ¥ ffl«l(17,19)0| 7H 
S| S»o£ ^Sti 4= ^ofl ttrErAi, EittejTMKHI £e|(19)£S¥El S£S(15b)» *SH p^ fiO| 

(17)°S Sfsfe S#*B0| ^BBI-Sr* cd-Bh Sj^Sr^l 4 s tt«HI SicK o|Bje fj^e Sff*fi£S «2J«H, #7| 

tf® c+0|S.s.(10)fe- ^STif Sd£. h (V f )0| &7[z\oi a-^^SO| AH S|- E| o|, §£j7|&E!(electrostatic discharge):^ 

GaN if^CrO|£^(10)tH|AHfe, S#SJ££| §7 r CH| o| S n o^yj-^^ 0 | H.JL, EhEM A|-n|-0|oH 7|£r(11)°| 

ye- <a^£-scHi o|sn a^soi sssw 55i°£, <a§7i-cHi urn awokh7|&(h)^ g 3 n im^ssos) eon ?\ 

L+oPK SEH^I GaN tf#c|-0|fiE.(10)(H|AHfe, £!«1(19)S ^g*r7| ^SHAH, *|olE a«j(19)S| H«lMc|- 

oiEHt!- gnm s«ati-7i ^ishah, 4=^1 tt-s-ooi2=7h s^gci-. si-xiek 4=*j^s 5>b ^&ao|oc 

^ tfS-c|-o|s = S| ^trfflofl e^^S S^*r7l flsHAH, AhE r o|o-|7|SrE xi\7-\t^ 5So| 4=yE|oHo|= *hch. 

81-xieh. Ar*rO|cM7|S-S ^PHtfe gSS A^^|oH7|&o| 7|^ #£7| ass, 7|7|«i ^Dl-S BS «|7H«H|t e^NI 
7h Su'S-cN, B||0|^ gj* oise ^B|7|^JE ^S^o^. A r n|-0|0H7!£^ GaN Bf?r?£S£| ^SS"^I4= S, 1 7 A 

^JfSe^s. eisH Ej|0|X-j SAWSoflAH ^7| GaN SStfO| ^^Ejfe &7%?\ tf^Stf 4^ 2JcK 

0|S MC r ^j-A-H-tl -aatra, A^OlO-l 7ieS gB|5r7| ASH, &I|0|7CH US A|H r O|OH 7I&SJ frfflo^l SA|-& CCflcHI, A|-n|- 

o|oh 7|&2r GaN &z|SSS| flgS^^sf z^xWSe^^ £J©H S^o| tf-aeq-. ^, K[n[o\o\9\ ^^^14= 

Sf 7.5 x 10 -6 /K eJdl e«fOi GaN 2f 5.9 x 10 -6 /KO|cN, 2f 16%°| ^J|¥SSi 7|-X|cH, GaN/AIN 

u-iiiHs^'Sm-b g^oii=, 4= %sf zixr¥§ifoi ar««i-as, ois. ejsH, ehioiah sjoii ox® <aa-aA|oij, AhnhoitH7ie 

n)- GaN &aSBSl S^ollAife zj-zj- g oj-^gqj^ oj§g^ 0 | ^-a^ch. 9!o|aH SJo| ^EAf^^ol %±.t\o\ 
41 01 10mmx 10mm), AfnhO|oH 7|&ofl ¥^^-1^ 4=^ e**«Fc ^<M°^ U% E|HS., B^tf^SeTUte Mc| ^aiM 
, GaN BaSSfil IHI E2b£r SO| 3.7)1 ^^A|S 4- ?M. 

a^, oi&ie Basae ^is^qj GaN ^sr cfois£.°j ^71^ m^s a^fai^phi 



tfgO| Ol^f-JlXr «t-b 71^^ 3}- All 

s tgg ^7 1 MAiias sngs r 7i ees 52s, n ^^s efs^ a^oio-i 7ie^ aai-as ys?^ 

mm t*EieaSAH, a! 4:X|-SJ AJSI^S lf& h A|g 4- °Jfe AH^g ^SSI GaN tfS - CFO|SE.o| AliZE^S 



7i 7i^« ai-Aiss s^ti-7i wmm, & ei-ae, 



3?IW*I 10-2004-0104232 



awoi<h7|& #<hi, xm GaN sbh^s, tr&ie sj *H2 GaN sbh^soi $«fs|os bn*i=! sis?5 
it s-yste £M A^ojo^ie- 4khi sin GaN seh^soi 3^o^ 100A °i ##£|je«i a 

±IS ymi=HD|oco| 3.7|0^i Cfl-Bh #7| t^Sif SEWfe B*|2|-, a*, h «S 0|«*^ # 7 | y^rfi 

SSSI #H<HI 7IE-S 3tfl-*fe 07=ll£K Bl-3-?2ESS¥&l #7| AhaiholoH^I&oi es|E|£^ #71 AW 

0|<H7|fi tl*fQi\ a|0|^H SAhtfe EMI - 0=|7|AH, #7| #7| X||2 GaN SEHl=$0| Xi|7-|JEj <H #7| 

Bl-S^ssoi £i§ ^d-ol^c H7|s. th^ol eelH-si-, #7| x||i EiSS MeH^Ssl gfB § #7 1 AWoKH 7|S 
o| «|7HS 7I&SI ffl<H| 7|1 gJ XH|2 3®!* S-athb EMI2K #7| ¥B|EJ af^ssofl 

IXHBh #7| 7|£S S&Shfe EMI» ilTShfe GaN BPS C[0\SL^ ?3|5 H jai 

dh&^oMlfe #7| tff?£f§ 1*1- tCHOfl #7| 7311 £SS SEHJ=S<3J ¥?fe Of 2pO|Sft| 4 &! 

ft Ul-ffl-SIB- 4|A|§EH<HWfc, ±^2i #¥3. Sfsfc Sl°l flElS §& h A|7l7j flafl, #7| X1|2 EEEiS Ga 

N #EH = «i!f ES A J AhO|0H| E5j^fa^ 0|¥0-|*J y-AhS* CH iSS 4 s SW. 0|EH*1 tUlgoi 

fe, Au, Ni, Ag, Al SJ ^ tfSSS ¥^E! ZLgo^.^^ £jS|E! #US A|-§th 4 SW. 

u-ow, #71 7iei^^b, ueis, :hi a GaAss strife :±g°s¥&i aheh@ auss^ 501 

Hl-S^tl-cH, #7| £=£j£ aSTSo^fe Au- Sn, Sn, In, Au- Ag, Ag- In, Ag- Ge, Ag- Cu a! Pb- SnS SfTo|-fe ZLg 

o^ ¥E j gas AhStfe 5io| HUt^^cK 

S gtHMHte, MO- ¥4£h ^ D j£Mii ?j7i flsHAH, #7| X||1 ££J^ GaN lE|ESi n^ M£go| £=j 
E! GaN aS§o.S S^SUL, #7| Xl| 2 3EH.&SS M^MOI GaN 3SS°S f^Sfe 5j0| b# 

seek 4f7i i^H-y a^§§ o\^t[oi 7iE^s a^si-b E^fe, t^-a a*ts« oibi 7|e^o| s^oii 
m-&z[oi s^ir ^£ jjo^, Ah 7 | a |^ g ^j-^chi floij 7i&s a K ^s ^e a! 

0|S|- a-0|, & BfStHI am GaN Sm^0|2J= AllS^Se GaN AMo|<H7|» ^«H|AH 

^s-a|7|ji, n Ahni-oioH 7 1 si o] fl*js|- ej-cHfflcHi 4JBI5 7i&jah us ta-a 7ie.i-s es^ a^ss o\gz\oi air 

Alt! ^ofl ej|o|7CH gj* olsshtH Ahn|-o|oH7|&S A]|7-ia°^-Mi Mc^ golshTfl 4^I?S StfSc|-o|£c» 4= 

SE&. & ^S«HI Cfl-S 4*J¥^ GaN &SC|-0|£= X^^go^AHfe, tf^^Ii Bf«-C|-0|£= H.7|S ^B|Sfe & 

7^|oj|AH ^oiE. 100A ¥W|S.| AIM ESS GaN S5H = Sfi.| ^¥7|- A|-n|-oN7|& #o\\ £iff AliJo^H Sj|o|xH ^Jg o| 
g& AMo|<H7|es| eB|E^I«H|AH zl A|-ir|-o|oH 7|&s W^<H ^7 1 El^^ QSfSS S«A|7fe exllfi xlfl- 

0| [ffl<H| A|j1 £SS GaN aEH^Se B)I0|X-| SA|-ShO^ Ah^0|0-|7|ffl-S MElSfe JIfS0l|A-| 

i^Elfe 7\7im g 7 -^°£ XII 7-1=1 4 a!cK CUBhAH, EH? Eh XHH ES*J GaN asH = S& DWI& 7|7^|5i §2^o|]E X||7H 

a 4= uh&5|*F7H|fe er 2p0|8ts| <=v\\g 7 ^|cN, Md- uh&sjst/Hlte ef 1|im0|^oj 7 ^ ^ oi cK 

o|©K S¥E! £^S S-s«f<H e g, h SS acf ^AH|^| ficK 
E2b & & h ^o^ oM xll^S GaN ^o|o c (40) o| ^0S£o|cK 

#7\ GaN C|-O|£ = (20)fe GaN aEH^S{25a), *-yg(25b) §U GaN SBHS.g(25c)S M&Shfe ^S" 
?SS(25)S StTtfni -id^^os «7| GaN #£HJ=§(25a)^BcH| y-AF«(22)S a&fi 4 SJcK ^7| 

E^A|-S(22)e a«TS(24)# 0|S*hO^ ^E|s 7|&(21)j* S^EICK #7| EU^(22)S 4iX|- ^0o^ tftfe 

^J:fl£» ^^A|7|7| fl£h $°^AH, &l-A|-gO| g^°£ 0]^0HS 4 eJch. UHr^tPllfe, -^7| yAf§(22)S 
Au, Ni, Ag, Al H i^i^ ?^E! ZLg^^^Ei d^E! m^M. 0|^g 4 ?*'cK 

#7| EU|-S(22)S^CHjb ^ h 7| a*, | -«(24)0| S^EJcK S ^ h So^ aj-e GaN &aSeJ ^i!- : ?SM(25) 

e AWo|o-i7i& *fol| tiSsm, a|-e|-o|oH 7|&^o| HhcH^cH] 7ieS ¥^^J1, AW0|0H7|&S Xl|7H@|-fe 5 

SSH E2CHI £A|@ GaN c|-o|s = (20)SF Sfo| 4^?^ ?SE!cK 

ois ?a^7i flsHAH, asi& 7i&(2i)s ¥^5i-7i mm sa-a as, h s(24)oi ai-s&ck e ^ son ah afsej^ sa 

a*f@(24)& a^l-SS §>fe ES^ SSO|CH0t ttcK 0|E-|i!- XHSMfe- Au- Sn, Sn, in, Au- Ag, Ag- in, Ag- Ge, A 
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g-Cu a! Pb- Sni ^S«^¥&l QtTxHS AFSSffe 5JO| HUf^d-. o|fi|- 5J-OI, E£dS S&f 

S(24)S 1S§ 3^ SEfer fi££ 0|^0-j7;|°S, ti\im *e ej-AKES 3^fecK l#EW, #7| AhS(22) 

o\ ^JsWcHEkE, e tttSoflAfe ESS a&S(24)S| BhA^ofl SJ*H «r#A|£| 4= AM 

e uai«ehs+ a-oi, Hs^7ie°s. ubis 7i»(4i)# a^» 4 aw. mm, e agou-fe seis 7ieej aw 

0|OH 7|EKaf Q-Bl ESS 7|&0|°H Eh^ScK & ItfSOflAH A|-g3| 4= ESS 7|EK°Sfc 4JB|S. ^Dl-s, SiC, 

ZnO,^o|o^c gj GaAs go| 4= Silt}. 

o|2l- tfo|, S 4!A|^E||ofl ife c|-o|£j=<20)fc #*F¥7|- S7|*3°:3. ESI! 4 s 5Ufc Sfcch m-Bl-zH, 

7| ijBIS 7|fl-(21)S| tfeW n^! GaN SBH^S(25c)S| #e ^¥CH|fe ZfZf pS ffl^(27)^ nS 3^(29)8- SSST 
SSAH E22|- ITS- 4^ GaN gf® C|-0|2 = 7|- &S£!eK 

S fl* GaN im Ch0|o j=(20)fe SBt|o| ^^^ficf 0=|SH7|-^I SIS* xilsficK ^S, Ahnl-oloHT'lB 

CHAJoa ^Bi$ 7|&(21)« A(-Ssf°^ ^fi^^h gTiSH^U, S#*gE SEH°I ttmcK>is= Mo- 

ws & e^s s§n sseioh saxv f )s sr^Ais 4 aiscn, ss7i gi?ji3fE «4f Aia 4 aw. 

EEB, g^^ecHlAHfe, S#°jEMai 7H-JH& 4 ffl2££, ¥SS^2l SSSSol istf^l ®°o\, 2if 

AH*o|<H7ieo| *H^£|SS, 7R*£ g-fls S&tfe SSo| zhfcflfi 4 aw. ti-H, LEDSI ^lE^<HiA-|E, S 
£H£| 4*S¥S BJ-S-i^olficfiF S-Bl, SSesI SJ¥» ^Wfe SSo| °>£ hs, ye BHHy*IS ^Mtt 

4 SW«H flEi MO tr& h A|S 4 aicfe SJSol 5Uch 

OW, £3 a LHX| 3fS S-SSHH » Vgo| 4=*i^s GaN tf»c|-0|2 = aflSSJ-Bft Mcj- 

E3a lH*I E3ffe & tf S2J bUfsiffl- 2i 4|A|oflo| [IfS 4^?^ GaN Br»CK>|2 = TJlSifffl* ^3§h7| flffl- Zf 

£3aS &Sffa, A^|-0|o-| 7|et(121) #o]\ GaN BaS8°S 0|^oiS im ^SSf 125)0| S^£|o-| ^7| if 
g-?2#(125)^ ^-ythb GaN EhSSSe GaN g5HE-S(125a), S"-yS(125b) a! p'S GaN S 125c) s 
SIT&CK £3a0fe £A)£JX| atasM-, &Afi2H flgHAH &M90\ Au, Ni, Ag, Al EE^ =L IT 

o|¥oj£! fihAFSS S.3aS| £M|CH|AH tf*?SS(125) ^7^o^ ^ £ oi C ). 

0|0H, £3b2|- fl-Ol, nS GaN aElj^.S(125a)7^ 54<H£ ef 100A S| ¥^l(t)M S"fftFSE^ -feT7| ai-®?SS(125)# 
E^l ^S h ^O|S£o| 37|(S)S 1^ &B|°!-e:K 0|EH»1 m^BiSSe HA|S U^2^ a-0|, A^|-0|0^B|EI-7||0<iAH 

£|b ElloWHoi slfi S^l^ol m^msi^, #7\ tfS-¥SS(i25")» il^^iej U-S" cK>|£ = ofl -y-gsFfe 3.7| 

S. ^E|Sh£i, ZL gfS?SS(125') AF0|CH| =^0^ 1 0OA £J n ^ GaN S£HS#<L| &S¥»(125 , a)0| A|-E)- 

&7\ n§ GaN SBH^«(125'a)S A|-E^O|o^ 7|^(£3d°i 121)* MSitf7| ¥lsH Bj|0|xHU» A^^0| 

0^|&(121)S| ^Sofl SAhSf uHoi n 7|i** ¥3hth aiolxH^JoHi oj*h oh«®t S *FE^ h o^.AH sj-gthq-. 

o|ofl cHff- ^j-AHIfih ^se ^#§h7|^. *hcK 

CfSSS, SE.3C2F Si-Ol, a*tS(124)# 0(®^0^ £5!^ 7|&(131)# 1*h ¥B|S ^^^^(^S') ^Ofl S 

^■aicjck e &7)|<hiah ^-7 1 £^i^ a«i"&(i24)e t^d^ 7i&(i3i)si sftfo^ ^^*i ¥<hi as w^^s: 

ifl^S GaN #EH = S(125'c))^(H| a&sfe ¥fiH 4£l aiSLDl, 0|S* &B|, 

124)S ESS 7|EH(131)SI S^eoli n|Bi ^CHI EISS 7|&(131)« ^^^(^S") ^e<H| HH^fe 

?tjS 4^JE ?JCK <H7|Ai AhSElfe £E^^ a«, h S(124) il^fe Au- Sn, Sn, In, Au- Ag Ag- In, Ag- Ge, 
Ag- Cu Sfe Pb- SnS A^ffl- 4 ?M. #7\ OflA|g 2^*(124)fi ^^shfe fig UlU^ ±t£ ^Ah*S 5> 

^^/lT^O|a^ >ga £ o| y AhS(£2S| 22)S A|-§§|-A| 8tO|-E BhA|-S 7|t:Htt' 4= 9KI 

SE», * B7=IIS S«H £3bcH|AH SSh^*MI ^El^ i, h ^sg(i25')e o|* Ahs|-o|(H 7|&(121)0| &BIS ^tHIE 2h 

ss! #ehs ^ flsw. s^s-a^ *^5stHiAH5E sas ^eh^ sa- ois§ho^ goi^i 

olo-l, £3d£h fi-ol, AWo|o-| 7|B-(121)°J sh¥<^| SHOW S« SAhsho^ M&£|3h7Hi MeiS zr ^=^S.m(125-)S.¥ 

E^ ^7| AhEl-OlO-l 7ie<121)S SBIAIHO-. ^7| SHOW He AHih0!0-|7|£l(121)* M#CH nS GaN a 

Btl^S ¥¥S Gal?|- S4i(N 2 )S ¥E|A|7|J1, ^^2| SES 7[^0i GaS «gA|go^.AH ^7| a-«-?3Eg(125') 
^¥EH AW0|0-f7|&(121)S" SOlSWI gBlAlU 4 
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** E^loflAH A|-giElb aioMUe A|E|0|0-|7|£!-(121)* *j*#<N £££ S*fS(l24)« SgAlU 4= 2Jch, Ehof ell 
o|x)yofl s|«H S*fS(l24)o| ggsje, #7| E.a-S 7|EH(131)3F ittt^sac^S')**! S*, h! MO| sfefl^ gel 

s ^ ait bj*7[ 4 aw. in- eh ah, e atscHMb, amoi<h7|&(12i)# Msjfc aiow mo\ #7i 

a«TS(124)<H| SSTthb 5« #x|«|-7| flSfl, E3a°| EMKHW, BtS-?2iS(124)S &£!*|-7H| eE|*H«:| &H, n<g Ga 

n aBH^s°i a-w¥e(i25 , a)s *io-j£ °f 100A °i s^&q-. o\st a-oi aie|oioh7|&s aioi^as 

xfEWj flffl- GaN MEfi^S i&#¥S(125 , a)S| *rZHIb *|<H£. ef 100A «|-o^o|= fi-cK 

0|2|- 5TO| ^=?-^.m025') MO\0i\ n « GaN gEH^S £Mf¥^(125'a)0| f^^ofcHSfS:, ZL ^l(t)fe #qj*|o.=- D [| 
o wo H£i A|-^0|0H7|&(121)J}o| 7)|tfoj g^g. n SffYS(1 25'a)S »±HsFbc|| iaScf. flSMH, A tfS"? 

ss(i25-)fif n&°\\M itmsit: ^a^ie! a w-s-?ss<i25 , )fii a-^s s^(s)<*ief smt^i ei<h, -^a^ 

tfg-^sgofl a|*|fc S^S H±Mtl 4= SicK 

5E&, 41-71 GaN MEH^«°I &#¥g(125'a)b 7|7i|^o^ £4j|£jcH Xlj7-|£|HM, m&^H ¥S|S |fS?i 
5(125')* 7m afS-Cl-Olficsi 37IS &5Jtf»| ¥E|A|7|b M = - ttO|£(self- dicing)iHhi <>!« 4 9J0-. 

0|EH& Ifi a! *=c|-0|£J A33f« <^7| ^ISHAH, £3aS| E^IOflAH £f»A|7|b n ^ GaN gEH^S(125'a) °| ¥ 

fllb BIIOWH SAUT 9J A|2h gOfl o|§H C ^ B5 ^ S 4 oio L ^ U|-a-5|Sj7l|b of 2|MO|«F, MC| Hha-5|«F7flfc of 1 

£3e£|- a-0|, #7| S4-g£| 2ffflCH| SSJS£53S 4JA|£i-Ch £3eb JE3d°! 2S|gS #s|-7| EM3S # 
EtfS. J£A|£h 50|CK 0^7|AH fleHS-agSe 7H g ^^§(125)2J GaN #EHl=«(125a)£| #ffljlh 7| 
Ef(131)°] Sf30-|| COSH ^A|=!C|. CfSf, n-g GaN 5E1|.E.S(1 25a)°| #S0-|| §^£fe £jHj(139)g- 0h^3LS 0| 
*S|0=| £J¥?^(%M*!°S #ffl°| ggf)0l|Ef ^eh^o^. ^ah £ |[^ p *N ^)EH(i37)g UHBS^^AH ££H-^ 7|&( 

131) siecHl cHSH EJ*ll*i°S. S^H 4 °Jc|. 

£3ffih 5I-0I, E3e SS^| S^sS 7Htt tf® 1 l^-0|a = 2| 371, ^ &E|S 25')S| 37|^ 

S9«KH £|§*4£J 4^?^ GaN C|0|£S(130)# °J* 4 2Jcf. 4lBJ-«iS5L £3^7|£f(131)S A|e|0|cH7|» 
(121) ol| y|sH ^!BIS7|& So| A|S£|°s., »^s| S&SS* S^H So|f|7H| a&S 4 ?Jch 

o|ef 5fo|, e ^aI^eH °j s^^i Eaofl ojsn ffS£|fe 5jo| o|-l.|ji, S¥@ S^S^I a|sH tfS^ 

j!A|- «FcH, S?fflfl<H| 7|AH@ e Bs| 7|#^ M#m ^omx\ atfe Bfl LljoilAH chgfff ^e^o| s|&, fflS SI fflS 

0| 7|^SfC|-b 5& & 7|#M0fo| gAho| 7|5! A|0i|7H|b AhSS 50|Cf. 



a@°| 

4f#Ef HI-SI SJ-ol, g ygo| GaN ^S" C|0|i£^- x|sgfs|cHI tCf^igj, &l|0|X^ 0|gs|04 A^^^O|0^7|E^S SOISI-^AH 
E, A|E|o|oH7|&g ¥2|tlb aio|AH %jo|| ojgj- £ ^xj g*j-go| SSilb sHaHo^Mi lfMSo| 



(57) S^SJ S¥l 
o"l- -i 

c3 nr o i . 

Afn|-0|(H7|& #ofl, X||1 GaN e2H£S, X«2 ESS GaN aEH = S0| ^xl^os. uH*|S Bf»=ps 

f§ S-Sflb &7||; 

4>7| Ahnf0S0i7|© #ofl *||1 GaN SEH^Sol S|0^ 1 00A °j ^Z?l|^ £f#H|£^ *!«hfe £IS BfScFo|2 = 

o| 3.7|0lj CH-Bh 4f7| ihlf^SM MB|§|b 0-7=11; 

ES-y SSfS* o|g«|-o^ #7| i^ h ^iSo| #^oi| ss-S 7|£fS a&§hb &?=ll; 

#7i it?5ts¥Ei #7i A^E^o|o^7|^.^o| msieis-^ #71 M^owm ^¥o\\ saom a* ^Ahsib e^i - 

7|AH, #7| ?Ef#tf XHI2 £SS GaN SEH£go| Al|7-|£|0-i #7| gfS^^gOl i|S If^ChOlS^ =17|^ &B| 
=.1 . 

#7| 7H|1 SEf|cS2.| gf"S g #7| A|-3l|-0!0-| 7|&0| 7H|7-|S! °j2f #7| 5ES^ 7|&°| kfg ^<M| A||1 ^ A||2 

^SjS ZfZf S^^lb 07)|; S! 
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#7i &zm ai-s-^ssofl m-si- #7i es^ 7ie» setfe &nm issffe GaN as- cfoies. xiize^s. 

#7| ^g^SSS ^E|§fe & (HI AH #7| 73|1 3B(|cgo| j^)- 2nmOjtF°J 5^ ^S°^ Sfe 

GaN gJ-§" C|-0|2.c 

St 1 ^ 3. 

#7| ^=r?S#S MSlshfc BHoiM #71 xfli ESS eeH£§o| ef ipo|*|-£! ^§°£ sfc 

GaN gj-g- cho|oj= xnss-s. 

*|1»<HI &oUi 

#7 1 ifs^ssf s-a^b e^ib, 

#7| xj|2 ESS GaN 3EH = S #ofl ES£! SSS o|*cH£! ew&fi- S^IB cH s&sfe 2§ ^S°£ 

Sfe GaN gj-^ C|-0|o c X-ll^&y. 

*|4»<HI jy<HH 

#7| WAhSS, 

Au, Ni, Ag, Al ft) ZL IfgoS ZL*oS¥EM ^jaj^j gxi^ 0|*<HE! 2£ ^§£3 Sfc GaN BUT [}0|E 

c: xl ? ffi 

#7| gTS^^gSl #fflo-|| ESS 7|BS Stfsfc EMIfc, 

#7| ess 7 leal she oil #71 ess a«fs« SSSfe EM|£h 

#7| ESS 7|fi-S| #7| #7| Sl-S^SSSl i#S #<£§ aH-Aj^lfe g-Tfls o|^<HS ^S°£ £fe 

GaN gj-g- C|- 0 1 EE. *J. 

Tell 1 & h <H| 5U<HAi 

#7i ara^sssi #eoi ess 7 ieg a*i-gfe e^ife, 

#7| tfS-^ssal #BJ(HI #7| ESS S«|-S* SS^fe fi-Tflfil-. 

#7| 7|&S #7| a-3-^£SS| ^HCH! SS h A|7|fe 0|*CH£! ^S£M Sfe GaN tf9 C|-0|£ = 



#7i es^ 7iee, 

71ISDHS, SiC, ZnO, C|-0|0^c 9J GaAs^ ^SS ZLgo^E-j S^S 0|*<H3 3£ ^§°? o|- 

fe GaN Bl-S C|-O|oc 
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T^H Z^L 'sh g 

5i«-<HI 

#7 1 S^sS, 

Au- Sn, Sn, In, Au- Ag, Ag- In, Ag- Ge, Ag- Cu SJ Pb- Sn°^ ZLgo^El gH^. 0|T<H£! 3g 

sfe GaN im ^o]oc xasa^a. 

St 1 ^ 10. 

*iimoi[ ojouh, 

#7| GaN MBH^SS nS M£gO| £§S GaN a§gO|o}, 

#7| Xi|2 S£0 = $e S^gO| £SS GaN 3. Shfe GaN ^ C|-0|£c ^£8^. 
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